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Abstract 
Green buildings are increasingly gaining attention in the building industry globally. Green building rating systems have been 
instrumental in driving this front. Increasing number of green rated buildings and the national and international level rating systems 
speak for the importance of green buildings. A majority if not all rating systems are established on the same fundamental principles 
which are reflected in their credit categories, credit distribution and weighting. Life Cycle Assessment has been adopted in LEED 
rating system to rationalize the possible impacts and hence the credit weighting. Although the logic is well rationalized, this 
distribution is not reflected in actual practice due to many reasons such as cost implications, practical limitations and regional 
variations. Therefore certain credit categories that are most prevalent in LEED rated projects in the US might not be reflected 
important in LEED rated projects in Asia.  
Considering the rapidly progressing adaptation of LEED system in Asia, this paper intends to explore adaptation trends in LEED 
system comparing projects in the US and in Asia. Our study analyses fifty urban office projects in the US and in Asia that have 
achieved either Gold or Platinum level rating under LEED for New Construction and Major Renovations rating system version 2
and 2.2. Size of the projects will be determined by benchmarks specified by Core & Shell system. Data will be primarily obtained 
from LEED score sheets. Data will be analysed based on simple statistical analysis methods. Findings are expected to reflect how 
rating system requirements are adopted in practice, and regional trends and which will lead to suggestions how rating systems 
should be more encompassing and be inline with practical implementation.  
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of APAAS 
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1. Introduction
‘Climate Change’ is one of the most discussed and actioned-on topics over the past two decades without 
geographical and political boundaries. Impacts are global and an unfortunate truth is that the regions that are severely 
affected are not often the regions that emit most. NDRC [1] studies reveal that in fact, the United States emits more 
carbon dioxide than China, India and Japan, combined. In line with the need for globally equitable responses the 
number of initiatives and actions are rising exponentially with the unified aim of combating adverse effects of climate 
change. Since there is a direct relationship between all the processes that are geared towards supporting our daily living 
and triggers of climate change, actions towards mitigating impacts would be subject to severe trade-offs. Industries, 
transportation, residential, commercial and agriculture are the largest contributors to global warming.  
On the premise that construction industry is a major contributor to global warming and the positive change the 
green building rating systems are trying to instigate by regulating construction industry and directing it towards a 
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sustainable future. A majority if not all rating systems are established on the same fundamental principles which are 
reflected in their main categories and credit distribution and weighting. Energy efficiency, Sustainable Sites, Indoor 
Environmental Quality and Material & Resources are weighted high in most rating systems as well as in the LEED 
system. Credits are distributed according to a weighting factor that corresponds to their actual impact on climate 
change. Although the basis of credit weighting is well rationalized, according to a study conducted by Davis Langsdon 
in 2007 comparing projects in various sectors rated under LEED system, indicated the tendency towards adapting less 
capital intensive green technologies in projects.  
This paper analyses fifty case studies in the US and in Asia rated under the LEED green building rating system. 
LEED is an international green building rating system initiated by the US Green Building Council that stands for the 
Leadership in Energy and Environmental Design.  
For the purpose of this study we focus on LEED for New Construction system which consists of five key rating 
categories and four levels of certification namely: Platinum, Gold, Silver, and Certified. Five main categories of rating 
are: Sustainable Sites, Water Efficiency, Energy & Atmosphere, Material & Resources, and Indoor Environmental 
Quality. In order to obtain an adequate sample, we considered projects rated under LEED V2 and V2.2 rating systems 
where the overall credit requirement and credit distribution within categories remain same.  
1.1. Climate change and construction industry 
Construction industry is a major contributor to climate change. The process of construction and new developments 
disturb Earth’s natural ecology, microclimate, and creates unmanageable amounts of construction waste diverting to 
landfills. Construction industry produces half of the world’s CO2 emissions. Almost 50% of all global resources are 
consumed by the construction industry creating a larger footprint; 45% of energy generated is used to maintain 
buildings and 5% to construction them; 70% of all timber is used for buildings, producing 600 water pollution 
incidents per year. These actions and their consequences cannot be ignored and they in fact warrant for immediate 
attention.  
Amidst of fast advancements in green technologies and knowledge front, green building rating systems were 
devised as a mechanism to regulate impacts caused by construction industry and also to channel  construction in a 
sustainable direction. We note the successful progression of this initiative by the increasing number of green rated 
buildings across regions and also the number of accredited green professionals to lead the industry. Besides 
environmental and operational benefits of green buildings, positive market dynamics promising higher premiums also 
have triggered fast adaptation of green building rating.  
1.2.  LEED green building rating system  
The LEED Green Building Rating System is a voluntary, and a market-driven system which provides third-party 
certification program regulated by the US Green Building Council dedicated to leading sustainable building. assesses 
the environmental performance of a building from a whole building perspective over a building’s life cycle. LEED 
Green Building Rating system is one of the most mature systems that cover a wide range of project sectors and scopes:  
LEED for New Construction and Major Renovations, LEED for Existing Buildings, LEED for Core & Shell, LEED 
for Schools, LEED for Neighbourhood Development, LEED for Retail, LEED for Healthcare, LEED for Homes, and 
LEED for Commercial Interiors.  
LEED although is initiated in the US, LEED is now establishing its presence successfully globally providing 
internationally adopted design, construction and operational guidelines and standards and benchmarks for a wider 
coverage of project sectors and scopes. LEED rating of projects is establishing its directions rapidly in Asia with over 
500 LEED rated projects over the past five years with a large number of projects in China and India. Hong Kong also 
developed their own local system very much inline with the principles and structure in the LEED rating system. 
LEED for New Construction and Major Renovations rating system consists of five key rating categories and four 
levels of ranking: Platinum, Gold, Silver, and Certified. Five main categories are: Sustainable Sites, Water Efficiency, 
Energy & Atmosphere, Material & Resources, and Indoor Environmental Quality. These categories are weighted in 
order to reflect their contribution to mitigating climate change; hence Energy Efficiency (17), Sustainable Sites (14) 
and Indoor Environmental Quality (15), Material and Resources (13) are weighted higher compared to Water 
Efficiency (5) and Innovative Design (5) in order of their contribution towards mitigating climate change. Please refer 
to Appendix A for detailed interpretations of individual credits.  
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2. LEED rated case studies in the US and in Asia 
This study compares thirty three office development projects in the US and seventeen office development projects 
in Asia that have achieved Gold or Platinum rating under LEED green building rating system. Our analysis is based on 
the score sheets and information published in the US Green Building Council case studies directory. One of the 
limitations is the lack of published data on Asian case studies compared to that of US case studies; dataset 
compatibility was off-set by considering percentage values instead of absolute values.  
Particular focus of the analysis is the prevalence of various credit categories in the US vs. Asian case studies in 
achieving Gold or Platinum rating in their respective projects. In order to receive a broader view we analysed the 
presence and frequencies of each category within three ranking levels. Analysis was further extended by assessing 
individual credit performance of prominent credits within each category. Finding are first presented below to 
demonstrate credit behaviour within first three ranking levels and secondly under each individual credits.  
2.1. Performance within rank one 
Under the LEED green rating system water efficiency and innovation & design although constitute of the lowest 
number of credits (5 credits each) have been the most attempted and achieved categories in the selected case studies in 
the US as well in Asia. This confirms findings of Davis Langsdon [2] study which indicates the tendency towards 
adopting low cost green approaches and technologies rather than the ones that demand higher premiums. While Asian 
case studies managed to achieve over 50 percent of scores in overall water efficiency category, the same for the US 
achieves just above 30 percent. Further analysis reveals their different approaches adopted within this category. Asia 
performs better in overall water use reduction compared to the US case studies which is attributed by the innovative 
waste water reduction strategies adopted. Whereas water efficiency in the US case studies, is more attributed to the 
water use reduction in irrigation.  
Both Asian and the US case studies performed in a similar manner on innovation & design category; innovation & 
design category is attributed to innovative design and operational approaches that are not prescribed within the rating 
system, extraordinary performance of the credit requirements prescribed within the rating system and the involvement 
of a LEED AP in the team.  
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Fig. 1. Performance within rank 1 in Asia and the US 
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Fig. 2. LEED scoring for water efficiency in the US and Asia case studies  
2.2. Performance within rank two 
According to prevalence of credit categories within rank two, Indoor Environmental Quality which is the second 
highest weighted category within the LEED rating system has received a high prominence both in the US and in Asia 
case studies. However a detail analysis of the credits indicates different strategies adopted in achieving a higher score 
in Indoor Environmental Quality rating. Both the US and Asian case studies have paid considerable attention to 
maintain compliance to ASHREA 55-1992 requirements for thermal comfort whilst indicating different levels of 
performance in other requirements.  
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Fig. 3. Performance within rank 2 in Asia and the US 
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A further analysis on the other credit requirements indicate that Asian case studies outperform the US case studies by 
conforming with the requirement for day lighting and views which are key approaches in passive design which should 
be reflected in energy efficiency performance. However the data referring to overall energy performance in Asia case 
study group did not confirm this contention. We cite CEU [3], Huang & Deringer [4] and Evans et al. [5] to suggest 
that low performance in energy efficiency in Asia may be due to variations in energy codes and their lack of legislation 
across Asia.  
 
 
 
 
 
 
 
 
 Fig. 4. LEED scoring for Energy & Atmosphere credit performance in the US and Asia case studies  
Revealing an interesting scenario data indicate a higher level of renewable energy initiatives in Asia compared to 
that of the US although most Renewable energy technologies are not originated in Asia. Although it will be worthwhile 
to explore further on these renewable energy technologies, it will not be possible within the limited level of access to 
data on these case studies. Data also indicates a predictable yet a remarkable difference in the figures regarding green 
power utilization; higher green power utilization is evident in the US case studies and a much lower level of utilization 
in Asia due to lack of access to green power suppliers in Asia.   
2.3. Performance within rank three 
Performance within rank three indicates a remarkable consideration given to sustainable sites category in Asia 
compared to that of the US case studies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Performance within rank 3 in Asia and the US 
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Fig. 6. Performance within Sustainable Sites category 
Sustainable sites category constitutes of several key categories: site selection, Brownfield redevelopment, 
alternative transportation, restore habitat, storm water management, reducing heat island effect and light pollution 
reduction. Further analysis on sustainable sites category performance between the US and Asian case studies indicate 
that the key contributor for remarkable performance in Asian case studies within this category is attributed to 
initiatives in alternative transportation means,  storm water management and heat island effect reduction. Rather non-
existing figures on brownfield redevelopment in Asia allude to irrelevance or limited opportunity to adopt this credit in 
Asia projects.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Performance within IEQ category 
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Within rank three the US case studies outperform Asian case studies on Energy & Atmosphere and Indoor 
Environmental Quality categories. Higher utilization of green power in the US case studies have attributed to 
indicating higher percentage in Energy & Atmosphere category. Analysis of credits within IEQ category didn’t 
indicate any remarkable performance differences between the US and Asian cases studies. Therefore a possible 
conclusion with regard to better performance in IEQ at third ranking level may be possibly due the adaptation of IEQ 
operational & management procedures rather than other technological approaches.  
2.4. Under represented categories and credits 
2.4.1. Material and Resources credit performance  
According to our data Material and Resources category in overall can be considered as an under represented 
category particularly in the US case studies.  Certain credits such as building reuse and resource reuse have been least 
scored by both the US and Asian case studies. These indications will lead to question the relevance of these credits for 
new construction projects and hence the allocation of 5 credits which is 39 percent of the overall credits assigned to 
M&R category. Although building reuse and resource reuse credits might be applicable to major renovation projects, 
presence of these two credits for new construction projects will negatively affect the overall credit achievement. 
However within the M&R category, credits for sustainable construction waste management practices, material with 
recycled content and regional material credits seem to have been well represented among Asian and also the US case 
studies.  
 
 
 
 
 
 
 
 
Fig. 8. Performance within Material & Resources category 
2.4.2. Sustainable sites: Brownfield redevelopment 
Although the intention is to encourage the redevelopment of Brownfield sites compared to virgin sites, this is one of 
the least represented categories within the rating system. According to our data, there was nil representation of 
Brownfield developments among Asian case studies. This may have been due to shortage of urban land and the 
tendency of the office developments to be developed in areas with established infrastructure.  
3. Conclusion and recommendation  
In this context, an apt question is: Has LEED achieved the vision of market transformation and leading a sustainable 
construction industry in Asia as it did in the United States?  LEED [7]. Our analysis indicates similar trends and 
priorities in adopting a majority of credits prescribed in the LEED rating system considered for this study. Although 
energy efficiency if the highest weighted category in the LEED rating system for New Construction and Major 
Renovations, our data case studies did not perform high on this category within rank one and two. This is possibly due 
to high premium involved in efficient technologies, lack of incentives and government legislation in developing 
countries. As per CEU [6] an integrated poly framework incorporating regulations, financial incentives, and the trust 
between stakeholders is necessary to advance building energy efficiency in these regions.   
Our data justified the prominence given to Indoor Environmental Quality category. On the contrary although water 
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efficiency category is not given a high priority in terms of credit weighting within the system, our case studies 
indicated higher performance in this category with Asian studies demonstrating higher performance in innovative 
wastewater reduction strategies.  
Attention to material is low in both countries within first and second ranking 
Although this study focused on new construction, the emphasis on energy efficiency should extend to the existing 
building stock.  Improving existing building environmental performance can be achieved primarily through replacing 
inefficient HVAC equipment and improving building envelope performance.  Improvements of existing buildings can 
contribute to significance improvement and are “low hanging fruits” (Chu [7]) to scale up energy use reduction.   
In conclusion LEED offers an alternative for benchmarking and commitment to addressing building energy and 
environmental impact.  LEED as an recognized, accountable rating tool however is indispensible in the Asian regions 
where the building community is nonetheless making an effort to improve buildings energy and environmental 
performance.  
3.1. Under represented categories 
Although Material and Resources category receives a high prominence within the rating system, our case studies 
indicated rather a low performance in achieving these credit requirements. Further analysis indicated the low tendency 
in building reuse and resource reuse strategies. Although building reuse and resource reuse credits might be applicable 
to major renovation projects, presence of these two credits for new construction projects will negatively affect the 
overall credit achievement. Therefore the high credit weight given to these two credits will need to be re-evaluated.  
3.2. Credit exclusions  
Our study indicated limitations in adopting certain credits in Asia due to limited or non-existing opportunity: this 
was apparent in the performance in adopting green power and Brownfield redevelopment credits. In order for a rating 
system to be more encompassing, we suggest that such credits with limited global scope should be considered as 
‘credit exclusions’ where a project can gain points or assigned points to be excluded when deciding the final grade.  
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Appendix A. LEED rating categories and scoring system  
 
 
 
